While the complex enterprise computing environment continually evolves, technical resources are becoming more limited. More complicated systems demand more time invested in monitoring and system management. Standards for Business to business integration help to facilitate the interoperability between organizations. These standards, often called e-business frameworks, guide integration by specifying the details for business processes, business documents and secure messaging. The essential attribute of Semantic Interoperability is that the computer system receiving the information is able to use it properly in computation, without human intervention.
INTRODUCTION
Semantic Interoperability, which includes Intra-Enterprise Computing, is about creating and using a wide range of environments, equipment and infrastructure in a way that allows secure, appropriate sharing of knowledge and powerful resources over usually wide area and high bandwidth communications infrastructure. The focus of this Priority is to create and test the applications, higher-level services and tools required by Industry and commerce (including Government) that will allow effective use of these middleware-based environments. The scalability and complexity of Inter Enterprise Computing systems will need to be tested in specific industry or services sectors; there will be specific interest in their application in such sectors as: Financial Services, Digital Media including Games, Engineering, Life Sciences-Health, Transport and Space. An increasing demand for interoperable applications exists, sparking the real-time exchange of data across borders, applications, and IT platforms [1] . To perform these tasks, enterprise computing now encompasses a new class of groundbreaking technologies such as Web services and service-oriented architecture (SOA); business process integration and management; and middleware support, like that for utility, grid, peer-to-peer, and autonomic computing. Enterprise computing also influences the processes for business modeling, consulting, and service delivery; it affects the design, development, and deployment of software architecture, as well as the monitoring and management of such architecture. As enterprises demand increasing levels of networked information and services to carry out business processes. Some applications will require new simulation and modeling algorithms, whilst others may be focused on commercial data and knowledge sharing, requiring new data and knowledge mining techniques. The inherent complexity of some of these software systems will also require the development of industry tools supporting the deployment, dynamic service creation and autonomic healthcare of the system.
Patterns of semantic interoperability
There are many patterns for achieving semantic interoperability in a SOA. They can be roughly classified by the following:
• Point-to-point semantic integration In this pattern, each data source has its own proprietary semantic meaning, and semantic translation is performed in a point-to-point manner. For example, when two data sources, A and B, need to be integrated, group A and group B 396 Impact of Semantic Interoperability in Enterprise Computing: A Report on The Use of Inter Enterprise Computing in An Actual Commercial Environment print out their own ER diagrams, walk through the meaning of data elements, then perform direct mapping from data source A to B. If data definition in one data source is changed, the impact to other systems is multiplied and often unpredictable. It does not matter how advanced the technology is that one picks, this semantic integration pattern is messy and a maintenance nightmare when data sources grow. Many ESB and EII projects still perform point-to-point semantic integration in SOA [2] . However, point-to-point integration can be used selectively to ensure high performance and create a "fast path".
• Hub-and-spoke semantic integration Each system has its own proprietary semantic meaning, but is mapped to a logical data model which can be instantiated as a physical federated model or a canonical message model. Semantic interoperability is achieved within an enterprise via a hub-and-spoke topology, which reduces the redundancy and maintenance cost of point-to-point integration. Well-architected ESBs frequently use this pattern to map messages to a canonical message model and achieve semantic interoperability.
• Master data management (MDM) pattern MDM emerges as a pattern of semantic interoperability responding to data silos produced by departmental solutions. Today, many versions of truth exist in a typical enterprise information management system. A MDM system connects heterogeneous information sources and produces a single version of truth on key information such as customers or products for Online Transaction Processing (OLTP) and Operational Data Store (ODS) systems. The key information could be either a data instance, such as a particular customer, or metadata, such as specifications of products. A MDM system liberates data from individual business applications, package vendors and is based on open standards. As a result, data is truly treated and reused as a corporate asset. It is often built separately from existing systems to reduce the drastic impact to businesses, but legacy systems might eventually migrate to MDM systems overtime. MDM stands up as a distinct pattern from the previous two because MDM holds the single version of truth and effectively integrates various information systems from both logical and physical aspects. With MDM systems, companies gain many proven benefits, such as improved customer relationships, reduced time to introduce new products to market, data integrated with legacy systems and enabling asset reuse.
• Industry information model In order to encourage interoperability within an industry, vertical industry standardization groups develop industry-specific information models, which often include XML messages and message schema, also known as Domain Information Models (DIMs), although some groups produce relational data models as well. DIMs are typically XML-based and used to exchange messages in a business-to-business (B2B) environment. DIMs prompt a greater level of semantic interoperability, encourage asset reuse and level the playing field so members can spend less time, cost and energy to solve semantic interoperability issues. Some organizations even adopt the industry standard models as their internal enterprise logical models and canonical message models.
The Open Applications Group is an open standards group building processbased XML standards for both B2B and Application-to-Application integration, and it focuses on improving the state of application integration.
• The Semantic Web The Semantic Web cuts across the boundaries of applications, enterprises and industries. The Semantic Web links and relates elements of the data model to a common ontology. It uses the Resource Description Framework and the Web Ontology Language to allow data to be shared and reused on the Web [3] .
The bigger the circle of semantic interoperability is, the more reusable the result will be in the long run, but also more difficult to coordinate and reach consensus. Moreover, an individual company will have less control to tailor the reusable assets to its unique business needs and determine the desirable features. For these very reasons, some companies would use internal proprietary data models for internal integration effort and use industry standard models for B2B.Enterprises should take a balanced view to consider the tradeoff of adopting different patterns of semantic interoperability.Interoperability can be achieved at various levels, including:
Technical interoperability
This is usually associated with hardware/software components, systems and platforms that enable machine-to-machine communication to take place. This kind of interoperability is often centred on (communication) protocols and the infrastructure needed for those protocols to operate. A communication protocol exists for exchanging data between participating systems. On this level, a communication infrastructure is established allowing systems to exchange bits and bytes, and the underlying networks and protocols are unambiguously defined.
. Syntactic interoperability
A common protocol to structure information is added: the format of the information exchange is unambiguously defined. For example, a comma 398 Impact of Semantic Interoperability in Enterprise Computing: A Report on The Use of Inter Enterprise Computing in An Actual Commercial Environment delimited file exchange, or the XML syntax. Syntactic interoperability may be ensured if two systems follow the same technical specifications for processing an identifier string, where the scope of the likely identifiers to be encountered is reasonably predictable. In certain cases, rules may exist for directly incorporating an identifier from one scheme in the syntax of another scheme. However interoperability may be wide ranging, making it difficult to anticipate the likely scope: identifiers may be encountered beyond web identifiers, e.g. network telecommunication and broadcasting schemes, and other globally unique identifiers such as International Standard Book Numbers (ISBN) not originally designed for digital use. s not only technical aspects of interoperability but
Semantic interoperability
A common information exchange reference model is added. On this level, the meaning of the data is shared and unambiguously defined. Higher levels of interoperability may include Pragmatic, Dynamic, Conceptual, Legal, International interoperability. Semantic interoperability deals with an obvious but difficult problem: even if two identifier strings can be syntactically processed alongside each other, how does a system know what the terms from another system mean? If A says "owner" and B says "owner", are they referring to the same thing? If A says "released" and B says "disseminated", do they mean different things? For effective interoperable management of entities: a unique identifier must be associated with a description of the referent entity, using a structured set of elements that provide information about that entity (that is, an identifier must be associated with some structured metadata to be interoperable); and the only way of unambiguously deciding if one term means the same as another, irrespective of what it is called, is by sharing a single frame of reference. A structured ontology with an underlying model that allows the generation of consistent new relationships, and a method of recording the agreement between the parties whose terms are included in it.
Figure 1. Semantics and Semantic Interoperability
Semantic interoperability is also about having a common understanding of the meaning of the information you exchange. It's a multi-level problem. On one level, it's a natural language translation problem, because if we are exchanging information in English and in French, you have a semantic interoperability problem. The simplest semantic interoperability problem would be if you're provided with a telephone number and, given particular country, you don't know whether to start with the "1" that's given at the front or not. The problem as faced many enterprises today is that they are trying to do e-business and they have internal representations, they have data stores in which they have information about people and products and orders and so on -and they are required by their business partners to exchange information about these people and products and so on. Semantic interoperability isn't just a problem of interoperability between the enterprise and business partners. The problem also arises within the enterprise. Information is typically stored in different systems often what are called legacy systems and enterprises need to relate the different 
kinds of information they have stored in different systems. In fact, some people are saying that service-oriented architecture is becoming a big driver for that, because these services that people want to relate all speak different languages.
Companies are beginning to look at metadata repositories where they can keep information about the information they have in different places, and how it's structured.
ENTERPRISE MODEL
Business processes involve interactions among autonomous partners. We propose that these interactions be specified modularly as protocols. Protocols can be published, enabling implementers to independently develop components that respect published protocols and yet serve diverse interests. A variety of business protocols would be needed to capture subtle business needs [6] . We propose that the same kinds of conceptual abstractions be developed for protocols as for information models. Specifically, we consider (1) refinement: a sub protocol may satisfy the requirements of a super protocol, but support additional properties; and (2) aggregation: a protocol may combine existing protocols. This model supports judgments about the potential subclass-super class relations between protocols, which are a result of protocol refinement. It also enables protocol aggregation by splicing a protocol into another protocol. This is a case study on semantic interoperability for the Asian Commercial Market Sector. It forms part of the Commercial Sector Architecture Framework (CSAF) programme. Technical and syntactical interoperability are assumed in place, forming the essential basis for semantic interoperability [5] . Many characteristics of this case study are sector and industry independent, and so is the selected solution. The Asian Commercial Sector consists of various organizations, while these organizations run their IT systems autonomously to fulfill their purpose; they also collaborate and share a considerable amount of information to make the commercial Sector function as a whole. Examples:
A student moves to a new school. The student's data moves to the IT system of the new school. Schools send their enrolment data to the Ministry of Education.TEC shares the Course Register with providers and other agencies. The Ministry provides up-to-date education provider information. TECS receives assessment tests and returns test results. In simple terms, semantic interoperability is achieved, when:
• Date exchange partners have a documented common understanding of their shared data, and • Data exchanges adhere to that common understanding The Sector's stated objective for semantic interoperability is:
• "To produce a sector data model that defines shared sector data so that sector participants can provide, manage, access and understand the data." Semantic interoperability is therefore a business objective, not a technology objective, and essential to the Education Sector's functioning. Whatever technical solution is selected, it should comply with common interoperability standards and best practices. Open standards, in particular those listed under Asian commercial market sector e-Government interoperability framework (e-GIF), and other standards shall be adopted wherever feasible.
Solution Characteristics

Consistent implementation
The semantic model shall be implemented consistently across data exchanges, using XML 1.06 and XML Schema 1.07. Non-complying data exchange definitions should be machine-detectable. Prescriptive message schemas A message schema shall be prescriptive in regard to its minimum mandatory data content, making it simple to determine whether an XML document contains a coherent minimum set of data for processing. Many standards simply define a message schema with a vast array of optional data items, making it the users' responsibility to define and validate the presence of the minimum required set of data. The investigation of possible semantic interoperability solutions for the Asian Commercial Market Sector uncovered several issues.
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No global semantic model
Unlike for some other sectors and industries, no global semantic model exists for the Commercial market sector.
Variance of national semantic models
A number of national semantic models exist for commercial market sector.. Closer inspection of these revealed the following issues:
• The business and scope of commercial market sector varies from country to country • Anational semantic model of another country cannot be adopted if the business or scope is too different • Limited opportunities to actively influence another country's national semantic model
INFORMATION FLUIDITY
If two nodes are semantically interoperable in the system network, we say that information can flow from one node to the other and vice versa. For the sake of this paper, we will abstract away the details of how the interoperability works -the analysis is the same whether we assume wrappers, web services, agents or any other mechanisms that allow for loosely-coupled distributed computing across network. Our model will analyze how information fluidity of the Web is affected by the semantic interoperability of distributed information systems. In a network of information systems, we use the ratio between the largest number of nodes that are fully connected with regard to semantic interoperability and the total number of nodes in the network as a metric to quantify the information fluidity of that network. For example, every cluster that commits to the same ontology has 100% information fluidity within that cluster since the cluster is fully meshed with regard to semantic interoperability [10] . Though there possibly exist many fully connected components in a system network after ontology mapping, we only use the size of the largest component to represent the information fluidity of that network. If more nodes in the network are semantically interoperable, the network is claimed to have better information fluidity. Straightforwardly, ontology mapping can dramatically improve the information fluidity in a heterogeneous Web since it connects different clusters in the system network. For convenience in the following sections, here we prove several simple propositions: If two vertices in the ontology graph are connected, the associated two clusters in the system network are semantically interoperable.
If the ontology graph is fully connected, by definition every pair of nodes in the ontology graph is connected. According to Proposition 1, every pair of associated clusters in the system network is semantically interoperable via a sequence of ontology mappings. That means every pair of nodes from any two clusters is semantically interoperable indirectly via a sequence of ontology mappings. Since all nodes within the same cluster commit to the same ontology, they are semantically interoperable with each other directly [7] . Therefore, every pair of nodes in the system network is semantically interoperable directly or indirectly (via ontology mapping). The whole information system network is fully connected with regard to semantic interoperability. According to our metric definition of information fluidity, 100% of nodes in the information system network are semantically interoperable and the whole network has 100% information fluidity Reasons why a standard may not be interoperable Standards are driven by contributions from many individuals from a wide range of backgrounds, cultures and commercial positions. In practice, despite best efforts, there are often not enough resources to integrate these various contributions into a consistent, coherent whole.
Typical consequences of this can include: Incompleteness: often specifications are incomplete (albeit unintentionally), aspects essential to interoperability are missing or are only partially specified.
Inadequate interfaces (reference points): it is not unusual for interfaces critical to interoperability to be inadequately identified or not clearly defined.
Poor handling of options: A standard may contain too many options, or the options are poorly specified. For example, there may be an imprecise understanding of the consequences if certain options are not implemented. Worse still, there may be inconsistencies -even contradictions -between various options; Lack of clarity: There is a distinct skill in writing a good standard which should:
• Poor maintenance: Lack of version control, unclear indications of exactly which requirements (mandatory and optional!) are covered by a certain release of a standard, and lax change request procedures can have a negative impact on interoperability.
COMMERCIAL MARKET SEMANTIC DATA MODEL
Developing a national semantic model, the Asian Commercial Market Sector Data Model is time-consuming. Tool support is essential. Keeping a semantic model and its XML implementations in synch requires robust tool support [4] . Because the semantic model will continue to evolve, all artifacts must be versioned. Few tools are supporting the semantic model, its XML implementation [6] , the dependency between them, plus versioning in an integrated manner. Manual administration is nearly impossible without introducing many costly errors and inconsistencies.
Some modeling tools can be customized to support automated or semiautomated model consistency checks, making model administration cheaper, more manageable and reliable. The selection of a modeling tool that is fit for this purpose and the development of the necessary customizations are essential factors for a successful implementation.
SELECTED SOLUTION
The Asian Commercial Market Sector has analyzed various options, and then selected a semantic interoperability solution. The solution amalgamates compatible open standards to the greatest extent possible, maximizing e-GIF compliance and thus interoperability in a broader sense. Customizations have been kept to a minimum. This described solution is suitable for any other sector or industry in a similar situation. The solution selected by the Asian Commercial Market Sector comprises the following components.
Custom semantic model
In the absence of a suitable global semantic model for marketing, the Asian commercial market Sector has opted to develop its own semantic model, the Asian Commercial market Model ACSM. Complying with e-GIF, the Unified Modeling Language (UML) Class Diagram is the chosen modeling notation for ACSM. ACSM currently defines over 300 classes, 900 attributes, 300 associations and 100 generalizations, and is evolving. The chosen design methodology and standard defines the:
• Naming standard, which is based on ISO 11179-5? • Permitted data types, which are based on UN/CEFACT data types ACSM could easily be substituted with any other semantic data model that complies with the above standards, making this solution very portable.
Figure 2. Architectureof Commercial Market Model
The Asian Commercial Market Sector has learnt the following lessons during the implementation of the semantic interoperability.
Business and IT management support
Insist on long-term business and IT management support, because the strategic goal of interoperability is implemented through orchestrated projects and infrastructure services. A single team or project is unlikely to achieve interoperability on its own, with the added risk that project achievements are forfeited when the project ends.
Semantic model consensus
Base the semantic model on broad consensus, because it represents the documented, shared understanding of shared data. The model is an asset and the linchpin of semantic interoperability. It determines the message exchanges, and therefore requires broad consensus amongst key representatives of the data exchange partners. Consensus is required for both the initial development and the subsequent model maintenance.
Semantic model is time consuming
Expect the development and maintenance of a semantic model to be time consuming, because the terminology used by the data exchange partners initially differs considerably. Agreeing on a shared, unambiguous language is a major undertaking and a Semantic model [7, 8] ownership ensure broad and long-term ownership, because the data exchange partners, as a group, need to own the semantic model. A semantic data model is a strategic asset not just a 406 Impact of Semantic Interoperability in Enterprise Computing: A Report on The Use of Inter Enterprise Computing in An Actual Commercial Environment pretty diagram. It comes with an implementation with which the data exchange partners interface in their operational environments when messages are exchanged.
Semantic model administration
Keep administration of the semantic model central and narrow, because decentralized or uncoordinated model maintenance will lead to inconsistencies or proliferation of uncontrolled model copies and versions, ultimately harming operational data exchange.
CONCLUSIONS
XML will revolutionize the Web, but semantic interoperability is needed to achieve the Web's true potential. With the rising popularity of Web services, both academia and industry have invested considerably in Web service description standards, discovery, and composition techniques. The standards based approach utilized by Web services has supported interoperability at the syntax level. However, issues of structural and semantic heterogeneity between messages exchanged by Web services are far more complex and crucial to interoperability. It is for these reasons that we recognize the value that schema/data mappings bring to enterprise for descriptions. Here examine challenges to interoperability; classify the types of heterogeneities that can occur between interacting services and present a possible solution for data mediation using the mapping support provided by the models existed.
